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Abstract 
In traditional industrialization, manufacturing industries are clustering with a large amount of carbon dioxide (CO2) 
emissions which has been polluting the environment heavily and directly caused global climate change. Industry CO2 
emissions reduction is the key point for global climate change mitigation. The authors in this paper introduce a new 
concept of industry CO2 emissions efficiency and relatively design an industry CO2 emissions coefficient to measure 
it. With a sample analysis of Chongqing China, the authors find that 11 of 18 sectors of Chongqing industry have 
their great potentials of industry CO2 emissions reduction comparing to those of China’s national level in sample year 
of 2007. 
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1. Introduction 
Materials from the International Energy Agency 2007 [1] shows that nearly a third o f the world’s 
energy consumption and 36% of carbon dioxide (CO2) emissions are attributable to manufacturing 
industries. The large primary materials industries, i.e ., chemical, petrochemicals, iron and steel, cement, 
paper and pulp, and other minerals and metals, account for more than two-thirds of this amount. For one 
of the late developed countries, China alone accounts for about 80% of the growth in the last twenty five 
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years. Today, China is the world’s largest producer of iron and steel, ammonia and  cement as well as 
industry CO2 Emissions. As a municipality of Southwest China, Chongqing is a base of traditional 
manufacturing industries clustering. Using the structure decomposition methodˈLI Shantong, et al [2] 
find that the industrial sectors with high-consumption of energy covered 50% of total in  Chongqing in 
2006. Based on CO2 emissions reduction, YUE Chao et al.’s research [3] shows that Chongqing’s per 
capita carbon emissions is 0.80 Ct, and carbon intensity is 0.66 Ct/RMB̞10 000 in  GDP for 2005-2007. 
But is there any d ifference of the industry CO2  emission efficiency among 18 sectors of Chongqing 
manufacturing industries? What are their potentials of the industry CO2 emissions reduction? In order to 
answer these questions, in th is paper we firstly discuss the industry CO2 emissions efficiency and 
construct the relative coefficient to estimate it, and then we focus on calculating the 18 sectors’ difference 
of Chongqing industry CO2 emissions efficiency by measuring each sector’s CO2 emissions coefficient. 
And finally we  give out each sector’s CO2 emissions reduction potentials  of Chongqing industry 
comparing with those of China’s national level in the sample year of 2007.  
2.  Data sources and methods 
2.1  The industry CO2 emissions efficiency calculation 
With the development of industrialization, more and more CO2 is produced from energy consumption, 
such as coal, coke, gasoline, kerosene, diesel oil, natural gas, power, etc., which leads to global climate 
change. If there is less byproduct of CO2 emissions in the production of more output of industrial value, 
energy consumption is more efficient to economic development and CO2 emissions is less generated and 
less polluted to the environment. Comparing with CO2 emissions to its industry output stimulates 
efficiency of industry CO2 emissions. Based on this concept, the industry CO2 emissions efficiency here 
means the amount of industry CO2 emissions to per unit of industry output in value of production. A rat io 
of CO2 emissions amount of one specific industry to that industry’s output in value of production can be 
called the industry CO2 emissions coefficient. The smaller the industry CO2 emissions coefficient is, the 
higher the efficiency of industry CO2 emissions is. And reversely, the bigger the industry CO2 emissions 
coefficient is, the lower the efficiency of industry CO2 emissions is. How to get the industry CO2 
emissions coefficient? Let’s introduce the following formula (1) and (2):  
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iK   represents CO2 emissions efficiency of a sector industry,  
jie  represents consumption of a source of energy(j) in production of output of a sector industry(i),  
jO  is the relevant coefficient of CO2 emissions in a source of energy consumption,  
ic  represents the gross volume of CO2 emissions of a sector industryˈ  
iy  is the gross output of a sector industry in value with conversion of price index,  
n  represents the sources of energy. In this paper, we just focus on 6 sources of energy: coal, coke, 
gasoline, kerosene, diesel oil, and natural gas, with elimination of the power since it does not directly 
produce CO2 emissions in consumption. Let ’s analyze the variables and its data sources in the formula (1) 
and (2) in details as following. 
2.2 The relevant coefficient of the industry CO2 emissions in a source of energy consumption 
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The Apparent Energy Consumption Estimation Method is introduced in this paper to  calculate the 
relevant coefficient of CO2 emissions in energy consumption, which is recommended by the 
Intergovernmental Panel on Climate Change (the IPCC) and in troduced in 2006 IPCC Guidelines for 
national greenhouse gas inventories  [4]. Table 1 shows the result. 
Table 1.   The relevant coefficient of the industry CO2 emissions in categories of energy consumption 
Energy in category coal coke gasoline kerosene diesel oil natural gas 
CO2 emissions 
coefficient˄Ct/t˅ 0.7559 0.8550 0.5538 0.5714 0.5921 0.4483 
Data sources˖being calculated based on “2006 IPCC Guidelines for national greenhouse gas inventories”, http://www.ipcc-
nggip.iges.or.jp/ 
2.3 The gross volume of CO2 emissions of one sector industry 
By the Apparent Energy Consumption Estimat ion Method mentioned above, the gross volume of CO2 
emissions of a sector industry can be calculated as fo llows: Gross Volume of CO2 Emissions = (actual 
consumption of energy in category × carbon content embedded in unit energy – non-energy utilization 
amount of carbon sequestration) × Fuel oxidation rate × 44/12 (molecular weight of CO2 /C). We can 
follow five steps to get the gross volume of CO2 emissions of one sector industry: Step 1, to confirm the 
energy apparent consumption with the historic statistic data of yearly energy consumption of a sector 
industry; Step 2, to convert it into heat measuring unit with the formula of energy apparent consumption  × 
net calorific value as in table 2;  Step 3, to calculate the carbon content embedded in one unit energy by 
apparent energy consumption in heat × the default  emission coefficient as in table 2; Step 4, to get the 
actual consumption of energy in category by carbon content embedded in one unit energy × fuel oxidation 
rate; Step5, to get gross volume of CO2 emissions by the actual consumption of energy in category × 
44/12 (molecular weight of CO2 /C).  
Table 2.   Net Calorific Value and Default Emission Coefficient 
Energy in category Net calorific value˄TJ/Gg,Mm3˅ The default emission coefficient k˄g/TJ ˅ 
coal 20.9 25.8 
coke 20.5 25,8 
gasoline 43.1 20,2 
kerosene 43.1 19.6 
diesel oil 42.7 20.0 
Natural gas     55.6     15.3 
Data sources: being calculated based on “2006 IPCC Guidelines for national greenhouse gas inventories”, http://www.ipcc-
nggip.iges.or.jp/ 
2.4 The gross volume of industry CO2 emissions of all sectors  
In order to get the g ross volume of CO2 emissions of 18 sector industries, we firstly co llect  the data of 
energy consumption of 18 sectors of industry from Chongqing statistical yearbook 2006-2010 [5] and 
China statistical yearbook 2006-2009 [6]˗Secondly, we eliminate the power from the total categories of 
energy which does not directly produce CO2 emissions in utilization, and then we separately calculate the 
gross volume of CO2 emissions of 18 sector industries with the relevant coefficient of CO2 emissions in 
categories of energy consumption of coal, coke, gasoline, kerosene, diesel oil, and natural gas. 
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2.5 The gross output of all sectors in value 
With consideration of the data sources availability, here we use the gross output in value to represent 
the industrial output of the sector industry. Firstly, we co llect the data of the gross output in value of 18 
industry sectors from Chongqing statistical yearbook 2006-2010 [5] and China statistical yearbook 2006-
2009 [6]. Considering about the price change, we adjust the gross output data with the producer price 
index based on 2005 as an in itial date, and then calculate the gross output data under the base price of 
2005 by the Laspeyres index of ¦
¦ 00
0
0/
qp
qp
L
t
t [7].  
3. Results and discussion 
3.1 Chongqing industry CO2 emissions efficiency difference 
Based on above analysis, table 3 shows Chongqing industry CO2 emissions efficiency and its sector’s 
difference in 2005-2009 with the following characteristics. 
Table 3.  Chongqing CO2 emissions coefficient of 18 industrial sectors in 2005~2009˄Ct/RMB̞10 000 GDP˅ 
 2005 2006 2007 2008 2009 
Gross volume of total sectors 1.5112  1.4844  1.2989  1.1083  1.0059  
Coal mining and washing  7.4689  6.7641  5.8230  4.7915  4.2458  
Petroleum and natural gas extraction 7.5441  0.0431  0.0239  0.0071  0.0023  
Ferrous metals mining and dressing  2.1905  1.4726  1.1398  0.2079  0.1212  
 Coloured metals mining and dressing  0.2276  0.1401  0.2563  0.1968  0.0112  
Nonmetal minerals mining and dressing 2.1768  1.9559  1.8683  1.1939  0.2964  
Agriculture and food processing  0.0324  0.0375  0.0395  0.0327  0.0297  
Foodstuff  0.2971  0.2403  0.1512  0.1163  0.0999  
Beverage  0.2178  0.1899  0.1881  0.1372  0.0863  
Tobacco Processing 0.0367  0.0277  0.0247  0.0171  0.0122  
textile  0.4493  0.3761  0.3167  0.2430  0.1386  
Clothingˈshoes and caps 0.0036  0.0032  0.0035  0.0162  0.0041  
Leather, feather and its products 0.0067  0.0054  0.0054  0.0110  0.0033  
wood processing and wood, bamboo, 
Vine, palm, grass products 0.4552  0.3282  0.2560  0.1510  0.1574  
Furniture Manufacturing 0.0036  0.0159  0.0073  0.0041  0.0027  
Paper and Paper Products 0.5052  0.5333  0.4246  0.6349  0.8342  
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Printing, Record Medium Reproduction 0.0132  0.0132  0.0098  0.0055  0.0096  
Culture and Education, athletic 
equipments 0.0113  0.0149  0.0354  0.0544  0.0006  
petroleum processing, coking and 
Nuclear fuels processing 1.2687  0.7406  1.1614  1.0013  0.8302  
 (i) Chongqing industry CO2 emissions efficiency is improv ing. The gross volume of industry CO2 
emissions coefficient has reduced step by step from 1.5112 Ct/RMB̞10 000 GDP in 2005 to 1.0059 Ct/ 
RMB̞10 000 GDP in 2009 in total 18 sectors, which totally reduced 0.5053 Ct industry CO2 emissions 
per RMB̞10 000 GDP growth. Among them, the CO2 emissions coefficient of petroleum and natural 
gas extraction sector has reduced from 7.5441 Ct/ RMB̞10 000 GDP in 2005 to 0.0023 Ct/ RMB̞10 
000 GDP in 2009. This shows Chongqing Industry CO2 emissions efficiency is improving progressively 
in last five years. (ii) Sector’s difference of Chongqing industry CO2 emissions efficiency is obvious. For 
example, the industry CO2  emissions efficiency is 29.56 times lower in  sector of coal min ing and washing 
than in sector of clothing, shoes and caps in the year of 2009. 
3.2 Chongqing industry CO2 emissions reduction potentials 
Table 4 shows Chongqing industry CO2 emissions reduction potentials  in the sample year of 2007. 
(i) Chongqing has great potentials in 11 o f 18 sectors of industry CO2 emissions reduction comparing 
with those of China’s national level, which are bolded in table 4. Among them, ferrous metals mining and 
dressing sector has the greatest potentials because its industry CO2 emissions coefficient is greatly 13.25 
times higher than that of China’s national level. (ii) Chongqing has no potentials of industry CO2 
emissions reduction in 7 of 18 sectors under China’s national level of industry CO2 emissions efficiency. 
In other words, Chongqing has a higher rate in these seven sectors’ industry CO2 emissions efficiency 
than those of China’s national level, which are not bolded in table 4. Among them, the clothingˈshoes 
and caps sector has the highest efficiency of industry CO2 emissions which industry CO2 emissions 
coefficient is only 17.5% of that of China’s national level. 
Table 4. Chongqing industry CO2 emissions reduction potentials to China national level in 2007 
 
Chongqing industry 
CO2 emissions efficient
˄Ct/RMB̞10 000 
GDP˅ 
China industry 
CO2 emissions 
efficient˄Ct/ RMB
̞10 000 GDP˅ 
Chongqing 
level to China 
national level 
(%) 
Chongqing 
industry CO2 
emissions reduction 
potential˄Ct/ RMB
̞10 000 GDP˅ 
Gross volume of total sectors 1.2989  0.33 293.60 0.9689  
Coal mining and washing  5.8230  1.38 321.95  4.443  
Petroleum and natural gas 
extraction 0.0239  0.06 - 60.17  -0.0361  
Ferrous metals mining and 
dressing  1.1398  0.08 1324.75  1.0598  
 Coloured metals mining and 
dressing  0.2563  0.05 412.6  0.2063  
Nonmetal minerals mining and 
dressing 1.8683  0.36 418.97  1.5083  
Agriculture and food 
processing  0.0395  0.05 -21  -0.0105  
Foodstuff  0.1512  0.11 37.45 0.0412 
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Beverage  0.1881  0.11 71  0.0781  
Tobacco Processing 0.0247  0.02 23.5  0.0047  
textile  0.3167  0.10 216.7  0.2167  
Clothingˈshoes and caps 0.0035  0.02 -82.5 -0.0165 
Leather, feather and its 
products 0.0054  0.01 -46  -0.0046  
wood processing and wood, 
bamboo, Vine, palm, grass 
products 0.2560  
0.08 220 0.176  
Furniture Manufacturing 0.0073  0.01 -27  -0.0027  
Paper and Paper Products 0.4246  0.41 3.56  0.0146 
Printing, Record Medium 
Reproduction 0.0098  0.02 -51 -0.0102  
Culture and Education, athletic 
equipments 0.0354  0.01 254  0.0254  
petroleum processing, coking 
and Nuclear fuels processing 1.1614  1.23  -5.58  -0.0686  
Note: (i) Chongqing level to China national level = (Chongqing industry CO2 emissions efficiency ÷ China industry CO2 emissions 
efficiency – 1) × %; (ii) Chongqing industry CO2 emissions reduction potentials = Chongqing industry CO2 emissions efficiency  
China industry CO2 emissions efficiency; (iii) Figures with “–” represents Chongqing level over China national level, means there is 
no potentials for Chongqing industry CO2 emissions reduction comparing with the China national level. 
4. Conclusion 
In this paper, we discuss the potentials of industry CO2 emissions reduction through introducing a new 
concept of the industry CO2 emissions efficiency and designing a relative industry CO2 emissions 
coefficient to measure it. With the sample analysis of Chongqing industry CO2 emissions reduction, we 
conclude that only 11 of 18 sectors has the great potentials to reduce their CO2 emissions, comparing with 
those of China’s national level in sample year of 2007. 
References 
[1] OECD/IEA. Tracking Industrial Energy Efficiency and CO2 Emissions. Materials from the International Energy Agency 
2007. http:// www.iea.org/books/   
[2] Li Shantong, Xu Zhaoyuan. Analysis of Causes of Different Regional Energy Intensities in China, SINO-GLOBAL 
ENERGY, Vol. 14, No. 8,(2009), p.1-10 (In Chinese) 
[3] YUE Chao, HU Xueyang, HE Canfei, ZHU Jiangling, WANG Shaopeng, FANG Jingyun. Provincial Carbon Emissions and 
Carbon Intensity in China from 1995 to 2007 (Carbon Emissions and Social Development, ċ).  Acta Scientiarum Naturalium 
Universitatis PekinensisˈVol. 46ˈNo. 4, (July 2010), p.510-516 (in Chinese) 
[4] The Intergovernmental Panel on Climate Change. 2006 IPCC Guidelines fort national greenhouse gas inventories. Vol.1, 
Ch.2 data collection, http://www.ipcc-nggip.iges.or.jp/ 
[5] Chongqing Municipal Breau of Statistics. Chongqing statistical yearbook 2006, 2007, 2008, 2009, 2010. China Statistics 
Press, (2006, 2007, 2008, 2009, 2010). http://www. cqtj.gov.cn/tjnj/ 
[6] China Statistics Breau. China statistical yearbook 2006, 2007, 2008, 2009. China Statistics Press, (2006, 2007, 2008, 2009). 
http://www.stats.gov.cn/tjsj/ndsj/ 
[7] O. Bashan, Y. Goldschmidt, G. Levkowitz and L. Shashua. Laspeyres. Indexes for Variance Analysis in Cost Accounting. 
The Accounting Review, October (1973), p. 790-793.  
